. Discriminate function analysis for opium and seed yield in opium poppy (Papaver somniferum L.). Vol. 40, No. 2,[109][110][111][112][113][114][115][116][117][118][119][120] Opium poppy (Papaver somniferum L.) is an important medicinal plant of pharmacopoel uses. Opium latex and its derivatives are used in different medicines as analgesic, narcotic, sedative, sudorific, hyponitic, antispasmodic, ant diarrhea and cough etc. Genetic improvement in opium and seed yield, component breeding is important and selection based on multiple characters is more beneficial in developing desired plant types. Therefore the present study was made on group of 22 strains of opium poppy to find out variability and suitable selection indices for opium and seed yield. Heritability in broad sense was high for capsule weight/plant, plant height, capsule length, stem diameter and opium yield. The discriminant functions based on single character were less efficient while on the basis of combination it was in general more efficient. The comparison of different functions revealed 110 GENETIKA, Vol. 40, No. 2, 109 -120, 2008. that capsule weight/plant, capsule length, plant height are major yield component and thus practicing selection for attainment of high opium and seed yield lines, maximum weight age could be given to these characters. The positive association of opium yield and seed yield suggested that by adopting suitable component breeding and selection, a dual-purpose variety (opium and seed yield) may be developed.
INTRODUCTION
The opium poppy (Papaver somnifeurm L.) is an important crop of pharmacopoel uses. Opium is one of the oldest known pain killer and is source of several alkaloids used for analgesic, hypnotic, sedative, antispasmodic, antitussive & sudorific purpose in modern medicine. Morphine is the major alkaloid present in opium ranges from 7-17% mainly used to relieve from almost all type of severe pains. Other important alkaloids are codeine (2.1-4.4%) used as mild analgesic, respiratory sedative; thebaine (1.0-3.0%) is used as analgesic & sedative; papaverine (0.5-3.0%) is used as antispasmodic and also have strong effect on blood vessel & abdominal viscera and narcotine (3.0-10.0%) is beneficial in allaying cough & headache. Beside this, the seeds and seeds oil with no narcotic effect, are also very useful due to high nutritional value (protein up to 24%) and high amount of linoleic acid (SINGH et. al. 1995a (SINGH et. al. , 1998a , which helps in lowering blood cholesterol in human system.
Considering the importance of the crop for medicinal aspects, sufficient genetically studies have been done on its basic and applied aspects on selected genotypes (SINGH et. al. 1995b (SINGH et. al. , 1997 (SINGH et. al. , 1998b SHUKLA and SINGH 1999 , 2000 , 2001 as a result some improved varieties have been developed for high latex and morphine percentage. India is one of the largest producer and supplier of opium and its alkaloids to meet the world demand in medicinal use. Opium poppy varieties developed so far are primarily rich in morphine with low thebaine . The global consumption of morphine has steadily increased from 2 MTs in 1981-83 to a level of more than 20 MTs in 1998-2000. Similarly the consumption of codeine has increased from 160 MTs in 1981-82 to 169 MTs in 2002, while the demand of the thebaine is increasing as this alkaloid is used as important material for the manufacturing a number of opiates, namely oxycodone, oxymorphine, buprenorphine etc. Its global utilization has increased from level of 5-8 MTs during the period of 1981-1994 to 45.6 MTs in 2000. The demand for all the three alkaloids codeine, morphine and thebaine is on the rise in the international market and the sharpest increase is in respect of thebaine (ANONYMOUS 2002) . For improvement in opium and seed yield, component breeding is important and selection based on multiple characters is more beneficial in developing desired plant types. The theory of selection indices is based on the concept of manipulating several attributes simultaneously (SMITH 1936; HAZEL 1943; BRIM et. al. 1959; SINGH and BELLMAN 1974) and has definitely proved advantageous over the selection for individual characters (HAZEL and LUSH 1942; ROBINSON et. al. 1951; YOUNG and WEILER 1961; SINGH and SINGH 1980) . This would probably be much more effective than any other system of selection involving either level of culling or arbitrary choice in the genetic improvement of complex characters or group of characters in crop plant. Therefore in present set of material the utilization of appropriate selection procedure based on selection indices was used for economic traits contributing to opium and seed yield in opium poppy (Papaver somniferum L.).
MATERIAL AND METHOD
The present studies were confined to 22 genotypes developed through different breeding programs . These 22 selections were evaluated in randomized block design with 4 replications during 2000-2001 under Initial Evaluation Trial. Each block consisted of 22 plots with six rows per plot. The rows were 3 meter long. The spacing was 30 cm between rows and 10 cm within rows. Non-experimental rows were planted to check the border effects. Ten plants of each treatments per replication were selected at random before flowering to record observations on plant height (cm), leaves/plant, capsules/plant, stem diameter (cm), capsule diameter (cm), capsule length (cm), capsule weight/plant (g), seed yield/plant (g), husk yield/plant (g), opium yield/plant (g) and morphine percentage.
Plot means per replication were used for statistical analysis. The coefficient of variability, and heritability were estimated according to JOHNSON et. al. (1955) . The selection indices were estimated according to BRIM et. al. 1959 , using phenotypic and genotypic variances and co-variances. Expected genetic advance of each index was calculated at 5% intensity level. Relative efficiency indices were calculated as -
Where as RI = Relative efficiency indices. GA (D) = Genetic advance through discriminant function GA (S) = Genetic advance through straight selection.
RESULTS AND DISCUSSION
Analysis of variance of 22 treatments was significantly different for all the 10 characters indicating that genotypes possess much variability and thus further genetic study is warranted.
Variability
As analysis of variance showed no difference among the blocks, the data from all the four replications were pooled. The plant height and leaves/plant varied from 89.10 (BR241) to 123.98 (BR 234) and 14.55 (BR 241) to 18.90 (BR227) with arithmetic mean of 109.75 + 2.12 and 16.71 + 0.59, respectively. Capsule weight/plant was variable between 6.98g (BR 241) to 14.23g (BR234) with average capsule weight of 9.73 + 0.43. Capsule diameter and capsule length ranged from 3.65 to 4.36 cm and 3.03 to 4.00 cm respectively. Seed yield/plant was variable between 3.50g (BR 241) to 7.45g (BR 234). Only 8 genotypes out of 22 were higher yielder than arithmetic mean (5.23 +0.39). Opium yield/plant varied from 0.17g to 0.33g and considering the arithmetic mean, 11 genotypes were high yielder than arithmetic mean (0.22 + 0.02). The morphine, which is main component of opium, was variable between 12.82 to 17.80% with arithmetic mean of 15.13 + 0.66. Variability among population would help a great deal in detecting the range of genetic diversity for various traits in population. A wide range of variability was noticed for opium yield, seed yield and other component characters. The variability was maximum for capsules/plant (20.7 %) followed by opium yield (20.5%), seed yield/plant (17.5%) and capsule weight/plant (17.5%). Lowest variability was noticed for leaves/plant (6.5%) followed by plant height (7.1%) ( Table 1) . However, variability alone is not much helpful in determining the heritable portion of variation. BURTON (1952) suggested that the amount of advance to be expected from selection could be obtained by studying coefficient of variability along with heritability. Heritability estimate in broad sense ranged from 61.8 to 88.5 percent. The maximum heritability was noticed for capsule weight/plant (88.5%) followed by plant height (87.0%), capsule length (85.60%), stem diameter (79.3%) and opium yield (78.9%) indicates that these characters are under genotypic control. Low heritability for husk yield/plant (61.8%) and leaves/plant (63.2%) suggested the major role of environmental effect.
Discriminant Function
Selection indices were considered for opium and seed yield/plant separately based on 11 characters under study. In formulating selection index opium yield and seed yield were taken dependent as well as independent variables while others 9 characters were considered as independent variables. Different functions, their relative efficiencies over straight selection are presented in table 2a, b.
The magnitude of straight selection and discriminant function was equal when only opium yield and seed yield was included in selection index. Considering individual independent traits, the estimates of relative efficiencies were low as compared to selection of opium and seed yield. This ranged from 0.25 to 5.61 percent for seed yield and 0.005 to 0.47 percent for opium yield. The result indicated that there was no substantial gain through discriminant function for opium yield when either yield/plant or its individual contributing characters were taken separately. Thus it is emphasized that selection for yield or its components individually does not to be efficacious. . Selection criterion based on multiple characters would be more effective and could be worthwhile in obtaining the rapid progress of opium and seed yield. It is also clear that selection based on more than one character, which did not include yield, also showed decline in relative efficiency (SINGH and SINGH 1980) . Considering the criterion the selection indices were computed for 22 and 23 different combinations among two or more than two characters each for seed yield and opium yield respectively. ROBINSON (1951) indicated that relative efficiencies of discriminant function were increased in maize when yield was included in selection index. In present investigation too when yield (opium or seed) was taken into consideration along with their component traits, the relative efficiency of discriminant function was higher over straight selection and ranged from 5.28 percent to 15.84 percent for seed yield and 0.27 percent to 1.11 percent for opium yield. When two characters included in selection, the combination including seed yield and plant height (13.64%) was most efficient followed by seed yield and capsule weight/plant (9.63) and seed yield and husk yield (7.49%). When function was constructed for 3 characters, the function including seed yield + plant height + capsule weight/plant had maximum efficiency (15.84%) followed by seed yield + plant height + husk yield (14.80%) and seed yield + plant height + capsules/plant (13.87) (Table 2a ). This indicates that for increased seed yield, the characters i.e. medium plant height, more capsule weight/plant, husk yield/plant and medium capsule width and capsule length should be considered to develop a novel plant type, since, these characters are positively correlated with yield and among themselves (SHUKLA and KHANNA 1987; SINGH and KHANNA 1993) .
For opium yield, index including opium yield and plant height gave maximum relative efficiency (1.11%) in two character combinations followed by opium yield and morphine content (0.995%) and opium yield and capsule weight (0.772%). When three characters were taken in selection index the combination opium yield + capsule weight + seed yield had maximum relative efficiency (0.932%) followed by opium yield + capsule weight + husk yield (0.92%) and opium yield + seed yield + husk yield (0.716%) (Table 2b) .
From above study this may be concluded that maximum gain for opium yield can be achieved for making selection of relatively big capsules with more weight, high seed yield and husk yield. A positive correlation of opium yield with seed yield, capsule diameter and length and husk yield reported earlier (SHUKLA and KHANNA 1987; SINGH and KHANNA 1993) , is in conformity of present findings. Since, seed yield and opium yield is positively correlated with each, the emphasis should be given to develop dual-purpose varieties. It may therefore be suggested that characters, capsule weight, husk yield and capsule number/plant should be given due weight age in component breeding program to develop an ideal plant type for high opium and seed yield in opium poppy.
